Excitotoxic lesion of rat brain with quinolinic acid induces expression of p53 messenger RNA and protein and p53-inducible genes Bax and Gadd-45 in brain areas showing DNA fragmentation.
Several recent studies have demonstrated that expression of the tumour-suppressor gene p53 increases within the nervous system after injury. In various cell lines wild-type-p53, induced by DNA damage, has been shown to function to halt cell-cycle progression and under certain circumstances to induce programmed-cell death or apoptosis. Since wild type-p53 can act as a transcription factor to regulate the expression of p53-responsive genes it is possible that either, or both, functions of p53 are mediated by down-stream effector genes. However wild-type-p53 only weakly activates transcription and it remains to be determined whether p53-responsive genes are expressed in lesioned brain. Here we report that excitotoxic lesion of rat brain with the N-methyl-D-aspartate receptor agonist, quinolinic acid, induces expression of p53 messenger RNA and protein in brain regions showing delayed DNA fragmentation and that expression of p53 messenger RNA precedes DNA damage detected by terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end-labelling. In addition, using in situ hybridization and immunocytochemistry we demonstrate increased expression of the p53-responsive gene Gadd-45 (preceding p53 expression) and re-expression of the p53-responsive gene Bax (following p53 expression), in these same areas. Bax has been shown to promote neuronal death by interacting with Bcl-2 family members while Gadd-45 expression has been associated with suppression of the cell-cycle and DNA repair. These results suggest that p53 protein may function as an active transcription factor in lesioned brain perhaps initiating the re-expression of Bax in injured brain regions. However, since Gadd-45 precedes p53 expression it appears unlikely that p53 is involved in regulating the early expression of Gadd-45. Taken together however, these results suggest that p53, Bax and Gadd-45 may play important roles in the response (damage/recovery) of the brain following excitotoxic injury.